The Somali jet, a strong low-level cross-equatorial flow concentrated in a narrow longitudinal band near the coast of Somalia, is a key feature of the South Asian monsoon (SAM) circulation. Previous work has emphasized the role of the East African Highlands in strengthening and concentrating the jet.
Introduction
feature similar simulated bias in this region (e.g., Boos and Kuang 2010) . The cross-equatorial 143 Somali jet, whose response to topography modifications is a primary focus in this paper, is also 144 well captured. The reasonable agreement between the CTL experiment and the observations gives 145 us confidence on the use of AM2.1 as a valid tool to study the impact of the African topography 146 on the SAM. 147 When topography over Africa is removed in AM2.1, we find that the meridional cross-equatorial 148 flow in the core of the Somali jet weakens, with a reduction of ⇠ 30% of the maximum jet strength 149 ( Fig. 3) . While not explicitly discussed there, this weakening appears to be in agreement with 150 simulation results in previous studies (Chakraborty et al. 2002 (Chakraborty et al. , 2006 (Chakraborty et al. , 2009 Slingo et al. 2005) .
151
A pressure-longitude cross-section at the equator shows that the maximum reduction is at around 152 800 hPa, slightly above the simulated maximum in CTL at 850 hPa. Additionally, in the NoAf 153 experiment, the cross equatorial flow spreads over the African continent, and the jet core moves 154 to lower levels and weakens. This finding confirms that the African topography helps accelerate 155 and spatially concentrate the Somali jet. Interestingly, we find that the removal of the African 156 topography causes a positive meridional wind anomaly over the Arabian Sea north of the equator, 63.75 o E 93.75 o E (shown by the red rectangle in Fig. 2b , c, and following figures), which in-166 cludes the Indian subcontinent and neighboring oceans, where precipitation maxima are found in 167 the CTL experiment (Fig. 2) . The accumulated precipitation in this region, representative of the 168 larger-scale SAM, is shown in Fig. 5a for the different numerical experiments: in the NoAf ex-169 periment, area-averaged JJA accumulated precipitation increases by ⇠ 16% compared to the CTL 170 experiment. In the following, we primarily focus on mechanisms responsible for the precipitation 171 response over the Arabian Sea, which are more clearly linked to possible changes in the Somali jet, 172 and associated moisture transport, and have been the focus of previous studies (e.g., Chakraborty 173 et al. 2002, 2006, 2009) .
174
These results therefore demonstrate how changes in the strength of the Somali jet in response to 175 modified topography are not linearly correlated to changes in the SAM precipitation. This is con- This suggests that even in the absence of the African topography, the cross-equatorial mass flux in the periphery region transports sufficient moisture to sustain the monsoon and prevents significant decreases in its precipitation. of the SAM, it is accompanied by an increase in the overall accumulated precipitation that is larger 192 than the standard deviation (10%) associated with the observed monsoon interannual variability 193 and leads to non-negligible regional changes. We interpret these regional changes using the mois- , we can write:
where h·i represents a mass-weighted vertical integral [i.e., R (·)d p/g] and (·) a time average.
201
The first term in the right hand side is the change in evaporation, the second term the dynamic 202 convergence term, the third term the dynamic advection term, and the last term the thermodynamic 203 term.
204
Except for evaporation, which is negligible, the contribution of all terms in Eq. 1 to precipitation 205 changes are shown in Fig. 7 . The residual term is small relative to the other terms, especially 206 compared to the d P term. This small residual also includes the quadratic term, which is due to convergence in the area where topography is removed is small, despite a local increase in moisture 211 there (not shown). Consistent with Chakraborty et al. (2002, 2006, 2009) inating over Africa at 850 hPa in the CTL (Fig. 8a) and NoAf ( Fig. 8b ) experiments, we see that 220 in the absence of the African topography air particles can indeed flow past Africa and move into 221 the Indian region. Also, in our simulations, the zonal wind does increase near the region in which 222 topography is removed and over the equatorial Indian Ocean (Fig. 4b ). This suggests that indeed 223 the African topography blocks air from Africa and weakens the westerlies. However, the stronger 224 zonal wind does not extend into the Arabian Sea, to the west of the Indian subcontinent, where r the density of the fluid. In z-coordinate, the PV budget is:
where F h is the curl of the 3D frictional forcing F , andq is the heating rate. The first term in 281 the right-hand side of Eq. 2 is the frictional term and the second term is the heating term. This that without the African topography, PV tendencies would decrease to a point that no significant 293 cross-equatorial flow could be maintained into the Indian monsoon region.
294
In our simulations, removing the African topography has a significantly less dramatic impact on 295 the cross-equatorial flow than what discussed in RH95. In fact, the cross-equatorial flow weakens 296 only in its core, close to the region of modified topography. However, we still find significant trajectories. To this aim, we perform a PV budget analysis similar to the one done by RH95. One 304 important difference is that in this work we use a full-physics GCM, where diabatic heating is not 305 prescribed but interacts with and depends on the monsoonal circulation. We analyze the overall 306 impact of all terms on the PV budget of the cross-equatorial flow and its downstream extension.
307
In particular, we want to unravel mechanisms responsible for the positive PV anomaly over the 308 Arabian Sea when the African topography is removed. Fig. 9a , but for the PV difference between the NoAfArab and CTL experiments.
